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Fig. 1 Location map and metamorphic zones of hornfels at Kanto Mountains
Grt.Z. garnet-cordierite zone; Crd.Z. cordierite zone;
Bt 1. Z. biotite 1 zone; Bt 2.Z. biotite 2 zone;
n.T.f. s.T.f. Tsurukawa fault
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Fig. 2 Microscopic observation of hornfels quartz
1 K 86 2 K 143 A 3 M 143
4 K 96 5 K 56 6 K 56
2002?? ??????????????????? ???????????????????
???? ???????????????? ???????????????????? Sharp
??????????????????????????
M 33 ?DSCN 6474? ?????? x 10, ??????? Fig. 32?
?????????????????????? ????????????? ???????
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Fig. 3 Microscopic observation of quartz in veins and granites
1 M 411 2 M 33 3 K 54
4 K 54 5 K 605 6 M 148
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????????? ???? 2002?? ??????????????????????????
???????????? ????????????????????????????????
????? ?solid inclusion? ?????????????????????????????
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???????????? Table 1????????????????? ????????
?????????? ??? ??????? ?plutonic? ?????????? Bernet and
Bassett????????????????????????????
?????????????????????? Table 1???????????? A??
?? C??????? F?????????? P???????????? ?????????
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???????? ?????????????????? ?????????????????
??????????????????????????????????? ????????
????? ????????????????????????????????
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?MPa? ??? ?km? ????? ???????????????????????????
?????????????? ?????????????????????????????
??????????
HHollister et al. ?? 144.87?260.69 MPa????????? ???????? 5.38?9.68
km ????? ???? 7.52 km ????? JJohnson and Rutherford ?? 105.48?202.88
MPa????????? ???????? 3.92?7.53 km????? ???? 5.72 km???
?? SSchmidt?? 207.05?316.65 MPa????????? ????????? 7.69?11.76 km
????? ???? 9.71 km????? ??? ?????????? 100?500 MPa?????
???? 2750 kg/????????? ??????? 2007??
????????? ????????????????????????? ????????
??????????? ????????????? K 54???????????? 5.72?
9.71 km??????? ??????????? ??????????????????
?????????????????????????????????????? ????
??????????????????????? ????????????????????
?? ????????????????????????? ??????????????? ?
?????? ??????????????????????????? ??????????
?? ?????? 2000??????? 2007?? ??????????????? 16?20 km?3
km???? ??? ???????????? 9?13 km?3 km?????????
??????????? ???? K 54????????????????????????
??? ???????????????????????????????????
???? K 15?????????????????????????? ?Fig.1?? ????
? K 143 A????????? ??????????????? ?????????????
???????? Table 3???? ???????????????????????????
????????????
HHollister et al. ?? 105.47?346.81 MPa????????? ???????? 3.92?12.88
km????? ???? 9.88 km????? JJohnson and Rutherford?? 72.35?275.30 MPa
????????? ???????? 2.69?10.22 km????? ???? 7.70 km?????
SSchmidt?? 169.76?398.15 MPa????????? ????????? 6.30?14.78 km?
???? ???? 11.95 km????? ???? K 15???????????? 7.70?11.95 km
??????? ???????????
??? ????????????????????? K 97???????????? Table
3???? ???? K 97? K 96????????? ???? K 15? K 97???????
????????? ???????????????? ??????????????????
????????????????????????????? 41
?????????????????????
HHollister et al. ?? 176.81?273.22 MPa????????? ???????? 6.56?10.14
km ????? ???? 8.90 km ????? JJohnson and Rutherford ?? 132.34?213.42
MPa????????? ???????? 4.91?7.92 km????? ???? 6.90 km???
?? SSchmidt?? 237.28?328.51 MPa????????? ????????? 8.81?12.20 km
????? ???? 11.01 km????? ???? K 97???????????? 6.90?11.01
km??????? ???? K 15?????????
4? ? ?
??????????????????????????????????? ???????
????????????????? ?Batkhishig et al. 2005?.
????? ?????????????????????????????????????
??? ???????????????? ???? ??????????????
?????????????????????? ????????????? ???????
42
Table 3 A part of chemical analysis of hornblende from K 15 and K 97 and
calculation of average crustal depth ?km?
K 15 ??????
No 49 50 53 54 55 56 57 58
Al 1.40 1.31 1.38 1.41 1.38 1.47 1.12 0.99 Av ?8? Range
H Mpa 313.71 267.43 302.14 317.83 303.35 346.81 171.99 105.47
Km 11.65 9.93 11.22 11.80 11.26 12.88 6.39 3.92 9.88 3.92?12.88
J Mpa 247.47 208.55 237.74 250.94 238.76 275.30 128.29 72.35
Km 9.19 7.74 8.83 9.32 8.86 10.22 4.76 2.69 7.70 2.69?10.22
S Mpa 366.83 323.04 355.88 370.73 357.02 398.15 232.72 169.76
Km 13.62 11.99 13.21 13.76 13.26 14.78 8.64 6.30 11.95 6.30?14.78
K 97 ?????
No 15 23 24 25 26 30 31 32
Al 1.26 1.21 1.32 1.13 1.27 1.29 1.26 1.31 Av ?8? Range
H Mpa 239.47 215.37 273.22 176.81 244.30 258.76 239.47 268.40
Km 8.89 8.00 10.14 6.56 9.07 9.61 8.89 9.97 8.90 6.56?10.14
J Mpa 185.04 164.77 213.42 132.34 189.10 201.26 185.04 209.36
Km 6.87 6.12 7.92 4.91 7.02 7.47 6.87 7.77 6.90 4.91?7.92
S Mpa 296.58 273.77 328.51 237.28 301.14 314.83 296.58 323.95
Km 11.01 10.16 12.20 8.81 11.18 11.69 11.01 12.03 11.01 8.81?12.20
???? ?????????????????????????????????? ??????
1999?? ????????????????????????? ??????????????
???????????? ?????????????????????
??????????????????????? 350?????? ???????????
??? ?Batkhishig et al. 2005?? ???????????????? ???????????
???????????????????? ???? 1994??
M 143??, ????????????????????? ??????????????
?????????? ??? 350?500????????????????????? M 143?
?????????????????????????????? 490?500???????
???????? 2001?? ??? ??????????? post-metamorphism???????
??????? ??M 143?????????? ??????? ?????????????
???? ???????
???????????? 440??????????????????? ?Nakamura, 1995??
???????M 143????????? 440?500???????????????????
??? ???????????? ?????????????? ?embayment texture? ?,
????????????????????
K 68??????????????????????????????? 410?440????
??? ???????? 2000?? K 143 A????????????????????????
?????? ??? K 68? K 143 A??????????????????????????
?? K 143 A??????????????????? ?????????????????
?????? ???????? 410????????????? ??? K 68????????
??? dust rim??????????? ?????????????????????? ???
??????????????? ??????????? ?????????????????
????? ???????????????????????
?????????????????? ???? ???????? 1???? 573????
????? ????????????????????? ?????????????????
??????????? K 96?M 411????????? ????????????? ???
??????????????????? 600?700?????????? ??????? 2006??
???????????????????? ???????????????????????
????????? ??????????????????????????????? ???
???????????????? ?Nakamura, 1995??
???????????? ??????????????????? ????? K 56???
????? ?Fig. 3? ??????????????????????????????????
????????????????????????????? 43
???????????????????? ???????????????????????
???????? ??????????????????????? ????????????
????????????????? ??? ???????????????????????
??????
???? K 54???????????? 5.72?9.71 km??????? ?????????
?? ??????????? K 15? K 97????????????? K 15????????
?? 7.70?11.95 km??????? ?? K 97?????????? 6.90?11.01 km????
??? K 15????????? ??????????? K 54???????????? 1?2
km????????????? ???? ????????????????????????
??????????????? ????????????????????????????
??????? K 54???????????? ???????? polygonal????????
???????? ??? ???? K 97??????????????????? ?????
?????????????????? ?????????????????????????
??? ????????????? ???????????????????
?????????????????????????????????? ????????
??????? 16?20 km?3 km???? ??? ???????????? 9?13 km?3 km
????????? ??????? ??????????? 2?4 km??? ????????
??????????????????? ???????????????????????/
?????????????????????
? ?
???????????? ????????????????
EPMA???????? ??????????????????????????? ???
????????? ?????????????????? No. 40 ?1997??? ??????
???????????? ?????????????????????????????
???????????????????? ???????????????? ??????
????????????????????? ?????????? ????????????
???????? ??????????????????
??????????????? ??????????????????? ????????
???? ??????????????????????? ????????????
????
???? ?2002? ????????????? ??????? 31, 4245.
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Abstract
Information gained from optical microscopy allows distinction of different quartz
types among hornfels, veins and granites. Important feature visible by optical microscopy
is leftover grain or passive inclusion. The old dirty crystal is replaced by new clear quartz
at the periphery. The new quartz contains much fewer inclusions and its boundary is not
definitely identified, because it is formed by solid diffusion of ions. We propose tempera-
ture range to form the lefrover grain or the passive inclusion between 410 and 500?
obtained by garnetbiotite geothermometer.
Based on the amphibole chemistry, emplacement depth of the Tokuwa granites is
estimated as follows. The crustal depth of 5?9 km is obtained from tonalite at Sample K
54 near Ichinose, and that of 6?11 km from granodiorite at Samples K 15 and K 97 near
Ochiai. These values are 2 to 3 km shallower than the younger granites in the Ryoke
metamorphic belt, central Kinki Province, SW Japan. This shallow emplacement depth
may explain the reason why andulusite/sillimanite zones did not develop in the Kanto
Mountains.
The emplacement depth of Ichinose tonalite is 1 to 2 km shallower than that of Ochiai
granodiorite, although the former site situates deeper horizon than the latter in geologic
succession. To explain this difficulty, intrusions of numerous dykes of Ochiai granodiorite
could have forced to increase total Al content in hornblende. Interlobate fabric of quartz
grain observed at hornfels of Ochiai may indicate dynamic deformation of the sample took
place.
Quartz Textures of the Hornfels and Emplacement Depths
of the Tokuwa Granites, Kanto Mountains, Japan
1. Institute of Geology, Faculty of Science, Josai University
